Introduction
Since 2005, international and local efforts have resulted in increased access to antiretroviral treatment for HIV-positive Nigerians; more than 120 000 patients are receiving therapy compared with approximately 10 000 in 2003 [1] . Access to high-quality prevention of motherto-child transmission (PMTCT) services has increased [2] , but coverage remains low at 5.25%, and the linkage between PMTCT and other available HIV services needs to be strengthened [1] .
HIV-positive pregnant women need a wide range of HIV services, and prenatal clinics are key access points for prevention of transmission and provision of antiretroviral therapy services where mothers, their infants, and their partners can be effectively targeted for HIV interventions [3] [4] [5] . Further scale-up of prevention and treatment services in low-resource countries will require the integration of PMTCT programs with antiretroviral therapy and other services.
Identifying the predictors of a low CD4+ lymphocyte count in resource-limited settings can help guide the appropriate use of prophylactic interventions, help target treatment to populations at greatest risk of HIV transmission, and serve as an immediate bridge between PMTCT and other services, especially in the absence of CD4 technology. The CD4+ lymphocyte count is a valid independent predictor of disease stage and correlates inversely with disease progression [6] [7] [8] .
Increased risk of HIV transmission from mother to child in the perinatal period is associated with a low maternal CD4+ count and provides further support for the importance of this indicator in the management of HIV-positive pregnant women [5, 9] .
The aim of the present study was to determine the risk factors associated with a CD4+ lymphocyte count of 200 cells/mm 3 or lower, an indication for antiretroviral therapy, by conducting a cross-sectional data analysis from a prospective cohort established to monitor and evaluate the implementation of a PMTCT program.
Materials and methods
Between April 2004 and March 2006, 13 032 pregnant women were screened for HIV-1 at Plateau State Specialist Hospital (PSSH) prenatal clinic in Jos, Nigeria. All women attending the prenatal clinics received general counseling regarding health and HIV prevention. Women opting for HIV testing were counseled individually before and after the test. Free HIV testing was provided regardless of the decision to participate in the study. Of the 593 HIV-positive pregnant women, 515 (86.8%) participated in the study. CD4+ lymphocyte counts were taken at enrollment and/or at delivery. Prior to enrollment in the study, written informed consent was obtained from patients, and approval was obtained from the University of Maryland Institutional Review Board and the PSSH Ethics Committee.
At enrollment, a detailed medical history was taken, a physical examination was performed, and a 10-mL blood sample was obtained by a trained physician. Demographic information and nonclinical data on patients were obtained from questionnaires completed during interviews with nurse counselors.
HIV seropositivity was defined as: (1) Certain variables significant at the 0.1 level were retained in the model and improved the overall fit. Data analysis was conducted using SAS Release 8.00 (SAS Institute, Cary, NC, USA).
Results
Sociodemographic characteristics of the 515 study participants are presented in Table 1 . There were no differences in age, education, religion, age at first sexual intercourse, and marital status between the women who agreed to participate in the study and those who did not. The mean age of the participants was 26.8 ± 4.9 years (range, 15-45 years); most were married and Christian (92.4% and 81.2%, respectively). Most (82.9%) did not know their husband's/partner's HIV status; most (96.6%) exhibited characteristics and behaviors that could increase the risk of HIV transmission, such as lack of consistent condom use and at least one laboratory-confirmed STI. A total of 130 (25.2%) women reported having had a genital ulcer in the past 12 months, and 128 (24.8%) reported a history of one STI in the past year ( Table 2 ). Most of the 259 (50.3%) women who had a laboratoryconfirmed vaginal infection had bacterial vaginosis or candidiasis (48.7% and 46.3%, respectively). Overall, 283 (56.3%) women had had 2 or more sexual partners in the last 5 years, and 289 (60.6%) reported not using condoms with any of their sexual partners. ) were recorded in 187 (36.3%) of the 515 HIV-positive pregnant women in the study. Analyses to determine any associations between the sociodemographic variables and low CD4+ count (Table 2) showed that age, parity, and history of vaginal ulcer, STI, or vaginal discharge in the last year were associated with a low CD4+ count. Compared with individuals who had a CD4+ count of more than 200 cells/mm 3 , women with low CD4+ counts were more likely to be older (P = 0.018 for trend; adjusted odds ratio [aOR] 10.71; 95% confidence interval [CI], 1.20-95.53). The proportion of women with a low CD4+ count increased with parity (P = 0.005 for trend). Interestingly, although not significant, Muslim women were 1.6 times more likely to have a low CD4+ count compared with Christian women (P = 0.064).
Self-reporting of and symptoms of STIs were associated with a low CD4+ count. Women reporting a history of STI in the last year had lower CD4 counts compared with women who reported no history of STIs (45.3% vs 32.1%, respectively, P = 0.024). Women who reported having a genital ulcer in the last year were more likely to have lower CD4+ counts (odds ratio [OR] 1.8; 95% CI, 1.20-2.70). Having an abnormal discharge in the last year was also associated with a low CD4+ count (42.0% vs 28.6% with no history of discharge, P = 0.006) as was the number of symptoms indicative of an STI, with increasing association as the number of symptoms increased (P = 0.001). There was no association between the number of sexual partners in the last 5 years and a low CD4+ count.
There was a significant association between frequency of condom use in the last 12 months and low CD4+ count. Compared with women who reported consistent condom use, women who reported no condom 
Discussion
The key findings of the present study were that most high-risk factors for HIV-including not using condoms, past history of genital ulcers, a previous history of STIs, and older age-were significant predictors of low CD4+ count in this prenatal population, which underscores the need to integrate antiretroviral therapy services and other prevention services for HIV into PMTCT programs. Over onethird of the women enrolled in the study were eligible for antiretroviral therapy based on their immunologic status. New evidence is now emerging indicating that the risk of complications of HIV increases if treatment is delayed and provides support for starting treatment at CD4+ levels of 350 cells/mm 3 or even higher, especially for certain subgroups of HIV-infected patients including pregnant women [11] . If Nigeria were to revise its treatment guidelines to optimize clinical outcomes based on evidence-based data, almost 75% of its prenatal population would be eligible for antiretroviral therapy. Age has been demonstrated to be a predictor of low CD4+ count in both HIV-positive and HIV-negative populations. A study conducted among HIV-negative pregnant women in the same population also found an association between older age and lower CD4+ counts (b350 cells/mm 3 ), although the findings among the HIV-positive women in this analysis were more strongly associated with more narrowly defined age categories [12] . Older women may have been infected with HIV for longer and, therefore, have a lower CD4+ count because of disease progression. Older age at the time of HIV infection has been found to be associated with a high early viral load and a more rapid disease progression [13] . It has also been shown that with aging, the immune system declines, specifically with regards to the level of CD4+ T lymphocytes, although nutritional status may play a role [14, 15] .
There was a high prevalence of vaginal infections in the study population, and more than half of the women had at least one laboratory-confirmed infection. Further investigation of the prevalence of these infections in the study population showed that many infections were due to bacterial vaginosis and candidiasis. The evidence of how these infections may affect HIV transmission and acquisition is mounting [16, 17] . The prevalence of these vaginal infections, particularly bacterial vaginosis, is high in many SubSaharan African countries and is generally higher than ulcerative STIs among pregnant women. For example, prevalence estimated from studies of prenatal clinic attendees was 52% in South Africa [18] and 24% in Tanzania [19] . Between 20% and 50% of women of reproductive age in Zimbabwe [20] and Uganda [21] are affected by bacterial vaginosis. These vaginal infections are generally not diagnosed in a laboratory and are not treated during prenatal care. Further research is needed to characterize the occurrence of these infections in relation to pregnancy and to determine how they affect pregnancy outcomes.
Although our previous studies in this population documented an association of self-reported history of STI, genital ulcer, or vaginal discharge with risk of acquiring HIV (unpublished data), we were surprised to find these factors among the strongest factors associated with a low CD4+ count. A woman who reported an STI in the previous 12 months had a 1.7-fold chance of having a low CD4+ count compared with a woman who reported no STIs. Other markers of STIs, such as history of genital ulcer and vaginal discharge, confirmed the association of STIs with a low CD4+ count, but this may also be related to reactivation of latent infections. Herpes simplex virus 2 (HSV-2) is one of the more common causes of genital ulcerative disease in Africa; several studies show biological synergy between HSV-2 and HIV infection, resulting in an increased HIV viral load and a cyclical effect of HSV-2 reactivation and HIV replication [22] [23] [24] . A recent study by Duffus et al. [25] found that chronic HSV-2 infection was not associated with low CD4+ count; the authors suggest that the observed increase in HIV viral load could precede a decrease in CD4+ cell count, but better-powered studies are warranted to investigate this relationship further. This is clearly an area that requires further investigation as it has the potential for high public health impact.
The low level of condom use and the association of lack of condom use with low CD4+ cell count are of concern because of the implications for HIV transmission to uninfected partners. Efforts to prevent the transmission of HIV are essential to curb the HIV/AIDS epidemic, and our findings suggest that prenatal clinics could serve as a good venue for scaling up prevention with positive activities. Overall, 82.9% of the women did not know the HIV status of their husband/partner; this was even more pronounced for women with a low CD4+ count. This finding demonstrates a lack of disclosure in a population that is sexually active, and the potential of increasing the spread of HIV because of high-risk factors, such as low condom use, presence of STI, and a potentially high viral load. Prevention programs in this population must, therefore, enhance counseling of couples linked to treatment and care programs for the entire family unit.
The observed association of Muslim religion with low CD4+ count is an interesting finding. This could because Muslim women are less likely to come to a prenatal clinic at a large specialist hospital until they are very ill. A majority of Muslim women enrolled in the study were recruited from satellite clinics that offer only primary care, an indicator of lack of access to secondary and tertiary care. Often in this setting, the men are the dominant decision-makers for the women and children, which impacts when and what kind of care HIV-positive women and children can access. Targeting culturally sensitive interventions that incorporate the husband/partner into prevention and treatment programs could have significant long-term benefits in this population, in which over 90% of the women attending prenatal clinics are married.
There were some limitations to the study. As in many studies, there is the potential for selection/enrollment bias. Pregnant women coming to the health facility may be in poor health and more likely to have characteristics that increase the risk for low CD4+ count. In addition, STI data were self-reported and were not confirmed by laboratory and clinical testing. Furthermore, because the study was based on monitoring and evaluating a PMTCT program, there were no data on time since HIV infection, which is known to be associated with a decline in CD4+ count. Therefore, confounding due to the duration of infection could not be investigated. Nonetheless, the study provides valuable information on the CD4+ status of HIV-positive pregnant women and risk factors of this population, in addition to defining characteristics of a population in need of treatment and other wraparound services.
Increased access to treatment has the potential to alleviate some of the burden of HIV/AIDS in Nigeria, but the process will be hindered unless the current infrastructure is effectively utilized and built upon. As Nigeria makes choices about expanding treatment for HIV/AIDS, the findings of the present study illustrate the needs in the prenatal setting. With more than 1 in 3 women attending the prenatal clinic requiring treatment, PMTCT programs appear to be a logical and effective way to roll out antiretroviral therapy and to link treatment with other services. Establishing antiretroviral sites where PMTCT sites already exist is an effective way to use the infrastructure already in place.
